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Introduction
Muscular endurance is the ability of an isolated muscle
group to perform repeated contractions over a period of
time, assuming the intensity of the activity is moderate
[1]. It is one of the basic elements of muscular perform-
ance that has great relevance to activities of daily living,
lifting and bending being examples of activities in which
the ability of the trunk extensors to resist fatigue may
be of particular importance, especially in an industrial
setting [2]. Back extensors are responsible for proper
posture of the spine, maintaining the back in a position of
lordosis, controlling the rate and magnitude of flexion
and attenuating ground reaction forces [3].
Muscles have been identified as a potential source 
of low back pain (LBP) [4,5] as their failure to protect
passive structures from excessive loads may result in
damage to these pain sensitive structures and produce
pain [6]. Poor endurance of the trunk muscles may induce
strain on the passive structures of the lumbar spine and
eventually result in LBP [7]. Muscle endurance has
been found to be lower in people with LBP than those
not suffering from it [8]. It has also been opined that
pain and inactivity make trunk muscles fatigue in normal
situations, thereby hindering them from being continu-
ously active throughout the day, and reduced endurance
of trunk muscles has been specifically identified as a
contributing factor to LBP [9]. There is a poor associa-
tion between the strength of the lumbar stabilizers and
spinal health, but endurance of the stabilizers is the most
important key to preventing lumbar pain [2,10]. Motor
control is also an important factor in spinal stability, and
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motor control errors due to improper muscle forces are
known to increase with fatigue and reduced endurance
[4]. Enhancing the endurance of trunk muscles may help
to reduce LBP; hence, trunk muscle endurance training
has been recommended as a means of increasing fatigue
threshold and improving performance and subsequently
reducing disability [11]. Further, poor endurance of trunk
extensors has not only been implicated in the aetiology
of LBP [4,12], but has also been found to be a predictor
of first time occurrence of LBP [13,14]. Improving the
endurance of trunk extensors therefore appears to be 
a sound and promising approach to preventing LBP;
hence the justification for conducting this study among
individuals without LBP.
Moffroid et al [9] reported an increase of up to 22%
in the endurance of trunk extensors in subjects who took
part in an exercise-training programme that involved pos-
tural exercises; the improvement being time-dependent.
The study however involved only females, thus limiting
its external validity, while prescribing the exercises as a
home programme could have compromised the subjects’
compliance. This study therefore aimed to investigate
the effects of a 6-week postural exercise programme on
the endurance of trunk extensors of apparently healthy
subjects, comparing the response of male and female
subjects to the training and evaluating the effect of the
duration of training on the subjects’ response.
Methods
Subjects
Forty-two students in the clinical phase of their training
in medicine or physiotherapy (20 males, 22 females) at the
University of Ibadan, Nigeria, who were aged between
18 and 30 years and who met the following inclusion
criteria participated in this study: (i) no pain on back
extension at the time of the study and no recent (within
3 months) history of back pain; (ii) no neurological and/
or orthopaedic problems of the spine, upper limbs or lower
limbs as ascertained through physical examination/tests
by physiotherapists; and (iii) agreed to avoid or stop all
physical or sporting activities during the study period.
Instruments
Instruments for data collection comprised a 1/100 second
Duarig chronometer stopwatch, weighing scale (Camry,
Germany), height meter, a rectangular wooden board
(80 × 50 × 20.3 cm) and three Velcro straps.
Procedure
Approval of the Institutional Review Committee of the
University of Ibadan/University College Hospital, Ibadan,
on human subject research was sought and obtained
before the commencement of data collection. The study
procedure and rationale were explained to the subjects
and their informed consent to participate was obtained.
Subjects were consecutively recruited but randomly
assigned into either a control or experimental group by
asking them to pick a piece of paper on which either E
(experimental) or C (control) was inscribed.
A two-group pre-test–post-test quasi-experimental
design was used for the study with subjects being recruited
through a sample of convenience. Subject’s age as at
last birthday and gender were noted, while their body
weight and height were measured and recorded using
standardized procedures. Their body mass index (BMI)
was then estimated as weight (in kg) divided by height
(in meters) squared [15].
Evaluation of endurance of trunk extensors
The endurance of the trunk extensor muscles was meas-
ured with the modified Sorensen test [9]. The Sorensen
test and its variations have been described as probably
the most clinically useful of the isometric back extension
endurance tests as it is easy to perform, requires no spe-
cial equipment and enjoys the most support from liter-
ature [16]. Reliability values of 0.89 [17] and 0.83 [18]
have been reported for the test among asymptomatic
subjects, while its discriminative validity, reproducibility
and safety are considered good [19].
Each subject assumed a prone lying position with
the arms along the sides of the body, the lower body
from the pelvis to the feet resting on a wooden board
placed on a plinth and the upper body flexed over the
edge of the board. The subject’s body was strapped to
the plinth with straps applied across the hip, knee and
ankle joints. The subject was then instructed to lift the
head and trunk off the plinth so that the torso was
straight and then to maintain the position for as long as
possible (Figure 1). The stopwatch was started as soon
as the subject’s back was straight and stopped when the
subject was observed to have ceased to hold the test
position and dropped below the horizontal level [9].
The period for which the subject held the trunk in the
horizontal position was recorded as the trunk extensor
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Figure 1. The modified Sorensen test position.
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muscle endurance (TEME) in seconds. TEME was meas-
ured at the beginning of the study and at the ends of
weeks 3 and 6 of the study for subjects in both groups.
Subjects in the experimental group were instructed to
avoid all physical/sporting activities except for the ones
required by this study. Subjects in the control group were
also instructed to avoid all physical/sporting activities.
Exercise training for trunk extensors
The starting position for all exercises was prone with
pillow support for the pelvis/upper thigh and the legs and
no restraining strap. The exercise training was carried
out once daily, four times weekly for 6 weeks; there
were five different exercises of increasing level of diffi-
culty where the positions of the upper and lower limbs
were altered [9]. All subjects began the exercise training
programme with the first exercise position, but they
progressed to the next exercises at their own pace when
they could hold a given position for 10 seconds and 
perform 25 repetitions (with a 3 second rest between
efforts). On reaching the fifth progression, they contin-
ued with the fifth progression until the end of the exercise
programme [9]. The following were the five exercise
progressions:
1. Subject lying in prone position with both arms 
by the sides of the body and lifting the head and
trunk off the plinth from neutral to extension
(Figure 2).
2. Subject lying in prone position with the hands inter-
locked at the occiput so that shoulders are abducted
to 90° and the elbows flexed, and lifting the head
and trunk off the plinth from neutral to extension
(Figure 3).
3. Subject lying in prone position with both arms ele-
vated forwards, and lifting the head, trunk and ele-
vated arms off the plinth from neutral to extension
(Figure 4).
4. Subject lying in prone position and lifting the head,
trunk and contralateral arm and leg off the plinth
from neutral to extension (Figure 5).
5. Subject lying in prone position with both shoulders
abducted and elbows flexed to 90°, and lifting the
head, trunk and both legs (with knees extended) off
the plinth (Figure 6).
Figure 3. Exercise 2: prone position with hands inter-
locked at the occiput so shoulders are abducted to 90°
and elbows flexed, and head and trunk lifted off the
plinth from neutral to extension.
Figure 2. Exercise 1: prone position with arms by the
sides of the body, and head and trunk lifted off the plinth
from neutral to extension.
Figure 5. Exercise 4: prone position and head, trunk and
contralateral arm and leg lifted off the plinth from neu-
tral to extension.
Figure 4. Exercise 3: prone position with both arms ele-
vated forwards, and head, trunk and arms lifted off the
plinth from neutral to extension.
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Data analysis
Data were analysed as follows using SPSS version 10
(SPSS Inc., Chicago, IL, USA):
1. Descriptive statistics of mean and standard deviation
were used to summarize the age, height, body weight,
BMI and TEME of subjects in the experimental and
control groups.
2. Independent t test with the p value adjusted using
Bonferroni correction was used to compare the TEME
of the experimental and control groups at week 0,
week 3 and week 6 of the study.
3. A three-way repeated-measures analysis of variance
was used to evaluate the significance of the main
effects of group, time and gender and the interac-
tion effects of group and time as well as gender and
time. Post hoc comparisons were made with paired 
t tests.
4. Independent t test was used to compare the TEME 
of male and female experimental subjects. The alpha
level was set at 0.05.
Results
The physical characteristics of the subjects in the con-
trol and experimental groups are presented in Table 1.
Independent t test revealed no statistically significant
difference (p ≥ 0.251) between the physical characteris-
tics of the experimental and control groups.
The mean TEME of the subjects in the two groups
were compared at week 0, week 3 and week 6 of the
study (Table 2). Using Bonferroni correction with alpha
adjusted to 0.017, the two groups differed significantly
(p < 0.001) at week 6 only, although the TEME of the
experimental group was consistently higher at all three
time points (Figure 7).
The main effect of group and the interaction effect
of group and time were statistically significant, but the
main effect of gender and the interaction effect of gen-
der and time were not (Table 3). Paired t test for the
comparison of TEME at week 0/week 3, week 3/week 6
and week 0/week 6 showed significant improvements
(p < 0.001) at the three time frames in the experimental
group (Table 4), while no significant improvements were
observed in the control group (Table 5). The mean TEME
for experimental group male and female subjects at the
three time points are presented in Table 6. Independent
Table 1. Physical characteristics of all subjects*
Experimental group (n = 21) Control group (n = 21) p
Age (yr) 22.91 ± 1.67 23.48 ± 1.50 0.251†
Weight (kg) 57.93 ± 8.27 60.33 ± 6.85 0.311†
Height (m) 1.68 ± 0.08 1.68 ± 0.07 0.954†
Body mass index 20.47 ± 2.20 21.25 ± 2.45 0.283†
*Data are presented as mean ± standard deviation; †no significant difference at α = 0.05.
Table 2. t test comparison of trunk extensor muscle endurance at different time points between control and 
experimental subjects*
Time
Experimental group Control group 
p
Mean
95% CI
(n = 21) (n = 21) difference
Week 0 178.05 ± 54.69 172.91 ± 54.47 0.762 –5.14 –39.19 to 28.90
Week 3 230.81 ± 65.67 186.14 ± 59.52 0.026 –44.67 –83.76 to – 5.58
Week 6 289.67 ± 63.55 179.33 ± 56.80 < 0.001† –110.33 –147.94 to –72.73
*Data are presented as mean ± standard deviation; †significant difference at α = 0.017 (Bonferroni correction). CI = confidence interval.
Figure 6. Exercise 5: prone position with both shoulders
abducted and elbows flexed to 90°, and head, trunk and
both legs (with knees extended) lifted off the plinth.
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t test revealed no statistically significant differences (p ≥
0.477) between the TEME of male and female subjects
at all three time points, although the female subjects’
TEME was consistently higher than that of the males.
Discussion
There were no significant differences between the exper-
imental and control groups in terms of age, height, body
weight, BMI and TEME at the commencement of the
exercise programme. Any difference between the groups
at the end of the training programme could hence be
Table 3. Three-way repeated-measures analysis of variance of trunk extensor muscle endurance
Source Type III sum of square Mean square df F p
Between subjects
Group 882,552.91 88,252.91 1 13.39 0.001*
Gender 7,021.58 7,021.58 1 1.07 0.308
Error 250,318.99 6,587.34 38
Within subjects
Time 73,495.72 36,747.86 2 22.31 < 0.001*
Group × time 57,275.72 28,637.86 2 17.39 < 0.001*
Gender × time 2,731.05 1,365.52 2 0.83 0.440
Error 12,518.21 1,646.82 76
*Significant difference at α = 0.001.
Table 4. Paired t test comparison of trunk extensor muscle
endurance at different time points in experimental group
subjects
Week
Mean 95% confidence 
p
difference interval
0 vs. 3 –52.76 –68.35 to –37.17 < 0.001*
3 vs. 6 –58.86 –82.33 to –35.39 < 0.001*
0 vs. 6 –111.62 –138.00 to –85.23 < 0.001*
*Significant difference at α = 0.001.
Table 5. Paired t test comparison of trunk extensor 
muscle endurance at different time points in control
group subjects
Week
Mean 95% confidence 
p
difference interval
0 vs. 3 –13.24 –45.54 to 19.06 0.403*
3 vs. 6 6.81 –17.73 to 31.35 0.568*
0 vs. 6 –6.43 –36.44 to 23.58 0.660*
*No significant difference at α = 0.05.
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Figure 7. Changes in the endurance of back extensor
muscles across the three time points.
Table 6. t test comparison of trunk extensor muscle endurance at different time points between male and female
experimental subjects*
Time Female (n = 12) Male (n = 9) p Mean difference 95% CI
Week 0 184.25 ± 66.14 169.78 ± 36.45 0.562† 14.47 –36.85 to 65.79
Week 3 239.92 ± 81.16 218.66 ± 37.87 0.477† 21.25 –40.09 to 82.59
Week 6 297.58 ± 69.04 279.11 ± 57.64 0.524† 18.47 –41.05 to 77.99
*Data are presented as mean ± standard deviation; †no significant difference at α = 0.05. CI = confidence interval.
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largely ascribed to the training programme. Comparison
of the two groups after 6 weeks of training revealed
that the experimental group’s TEME was significantly
higher than that of the control group. Indeed, the TEME
for the control group dropped from 97% of that of the
experimental group at baseline to 62% of it at the end
of the study.
The response of TEME to the exercise protocol used
in this study was similar to the significant increase in
TEME that was reported in subjects who went through
a similar exercise protocol in Moffroid et al’s study [9].
However, our finding contradicted that from the work
of Chok et al [7], who reported no significant differ-
ences between the back extensor endurance time of 
the experimental and control groups at baseline, and at
the end of week 3 and week 6. Our study, like that of
Moffroid et al [9], involved only healthy subjects, while
that of Chok et al [7] investigated patients with back
pain, with subjects in both experimental and control
groups receiving back care advice, which could have
affected the response of subjects in the control group
and potentially obliterate the effect of the training pro-
gramme. Further, as noted by Chok et al [7], there was
the possibility that pain inhibited the optimum exercise
training stimulus which hence failed to produce the nec-
essary overload in their study. Many variations of the
original Sorensen test have been reported in the litera-
ture [16]. For instance, in the study of Chok et al [7],
each subject was required to put his arms across the
chest as in the original Sorensen test while in our study,
each subject’s arms were extended along the sides 
of the body, same as in Moffroid et al’s [9] procedure.
The testing position in our study no doubt reduced the
leverage of the body weight to the back extensor muscles
and consequently increased the recorded endurance time.
However, this variation should only affect the endurance
time obtained and not the effect of the training pro-
gramme and could else not explain the disparity between
our finding and that of Chok et al [7].
The main effects of group and time as well as their
interaction effects were statistically significant. Specifically,
we observed that improvements in the TEME scores of
subjects in the experimental group in the time frames
of week 0/week 3, week 3/week 6 and week 0/week 6
were statistically significant. This implies time-dependent
increases in the TEME of subjects in the experimental
group as similarly observed by Moffroid et al [9]. However,
in contrast to their study [9], we did not observe any
significant difference between the TEME of the experi-
mental and control groups until the end of week 6 of
the training programme. It is plausible that the disparity
between the findings of the two studies in this regard is
because our study involved subjects of both sexes while
only females participated in their study [9]. More impor-
tantly, participants in their study [9] trained twice daily,
so the training intensity was greater than in the present
study with attendant possibility of an earlier substantial
improvement in subjects’ TEME.
There was no significant difference (p≥0.477) between
the TEME of male and female subjects in the experi-
mental group at each of the time points in this study.
Previous similar studies [4,20–23] have reported signif-
icant differences between the TEME of male and female
subjects, with males exhibiting greater paraspinal fati-
gability than females. This is understandable since the
paraspinal muscles in healthy individuals and females
are known to contain a higher proportion of slow-twitch
(Type 1) fibres [19]. In our study, although there were
no significant differences between the TEME of male
and female experimental subjects, the female subjects
consistently had higher scores than the males at all three
time points. We suspect that the lack of statistically sig-
nificant differences between the TEME of the male and
female subjects could have been due to the large standard
deviations in the TEME of the female subjects. Another
plausible explanation for our seemingly deviant obser-
vation could be the small sample size in our study. It has,
however, been reported that paraspinal muscle fatigue
during Sorensen test is influenced by the physical char-
acteristics (especially BMI) of the subjects, and hence
direct comparison of test results between women and
men should be made cautiously [23]. In the present study,
there were no statistically significant differences between
the physical characteristics of the male and female sub-
jects, which may well explain the absence of significant
differences between the pre-training endurance of the
trunk extensors of the two sexes. The lack of significant
differences between the TEME of male and female sub-
jects at the ends of weeks 3 and 6 of the study suggests
that gender may not affect the response of subjects to
the exercise protocol used in this study.
Study limitations
An obvious weakness of our study design is our failure
to use a stratified randomization procedure since gender
difference has been identified to be a possible confound-
ing factor in the evaluation of back extensor endurance
[24]. Another limitation of our study is that we did not
assess and record whether the increased endurance lasted
beyond the duration of the exercise programme and for
how long it lasted. This could be a focus of future stud-
ies in this area. Also, the exercise protocol used in this
study focused essentially on the erector spinae (comprised
of the longissimus, spinalis and iliocostalis muscles) that
is essentially a mobilizer in the trunk at the expense of
stabilizers such as the transversus abdominis and multi-
fidus that are majorly affected in individuals with back
pain. Silfies et al [25] suggested that the abdominal mus-
cles may be more important than the trunk extensors in
providing trunk stability, and that an altered abdominal
recruitment pattern may lead to deficiencies in spinal
stability. Further, Hides et al [26] reported atrophy and
altered function of the trunk extensors, particularly the
lumbar multifidus, in patients with chronic LBP in addi-
tion to dysfunction of segmental abdominal musculatures
(internal oblique and transversus abdominis), earlier
reported in this group of patients [27].
Despite the limitations, this study has demonstrated
that a simple exercise programme as used in this study
can be used to produce an appreciable increase in the
endurance of trunk extensor muscles. This is of signifi-
cance because studies have shown that a reduction in
the endurance of trunk extensor muscles is associated
with increased rates of LBP [28], decreased propriocep-
tive awareness [29] and decreased productivity in the
work place [9].
Clinical Implications
Poor endurance of trunk extensors has not only been
implicated in the aetiology of LBP [4,12] but is also
known to be a predictor of first time occurrence of LBP
[13,14]. This exercise protocol may hence find rele-
vance in programmes designed to prevent LBP [12].
Further, in an industrial setting where a broad variety
of work-related postures may cause fatigue in the trunk
extensors [30], such exercises can be used along with
the implementation of ergonomic principles to compen-
sate for the repetitive and long task duration of the job.
The protocol may also need to be used in conjunction
with specific stabilizing exercises for the multifidus and
transversus abdominis when appropriate. However, the
amount of difference in back endurance time that is clin-
ically significant is an important but yet to be resolved
issue. In the current literature, it remains unclear if an
increase in back extensor endurance time can prevent
future occurrence of LBP in healthy individuals, and the
amount of increase in back extensor endurance time that
would prevent the development of LBP in healthy indi-
viduals is unknown. This situation is further compounded
by the fact that the relative role of multisegmental back
extensors like the erector spinae and unisegmental back
extensors such as the multifidi in the prevention of LBP
is equally largely unknown.
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